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Introduction: 

Subject  of  Research  Work 

It  is  estimated  that  in  1995,  in  the  United  States,  182,000  new  cases  of  breast  cancer  were  diag¬ 
nosed  in  women  and  46,000  women  died  of  the  disease. 0)  In  addition  to  its  cost  of  human  lives, 
breast  cancer  consumes  more  health  care  dollars  ($6.5  billion)  than  any  other  cancer.!2)  There  is  no 
question  that  early  detection  and  removal  of  breast  cancer  is  currently  the  best  approach  for  curing 
this  disease.  Over  70%  of  US  women  in  the  age  groups  at  risk  for  breast  cancer  have  had  at  least  one 
abnormal  mammogram  that  detected  a  mass,  a  cluster  of  calcifications,  or  both,  but  these  findings  are 
not  diagnostic  of  breast  cancer.  If  mammographic  studies  are  abnormal,  either  a  breast  biopsy  is  per¬ 
formed  or  the  abnormality  is  reassessed  with  periodic  follow-up  mammograms  until  the  nature  of  the 
abnormality  is  determined.!3)  Unfortunately,  mammography  is  far  less  sensitive  and  specific  than  the 
public  perceives.  Because  of  the  lack  of  mammographic  specificity,  most  biopsies  of  the  breast  are 
benign.  In  the  US  the  probability  of  malignancy  when  a  biopsy  is  performed  on  a  mammographic 
abnormality  usually  ranges  from  15-35%.(4-7)  Consequently,  for  every  woman  who  has  a  breast  can¬ 
cer  detected  by  screening  mammography,  three  to  six  women  with  false-positive  results  needlessly 
undergo  the  apprehension,  pain  and  possible  disfigurement  associated  with  biopsy. 

There  is  a  pressing  need  for  a  widely  available,  non-invasive,  and  accurate  imaging  technique  to 
further  evaluate  mammographically  suspicious  lesions  to  reduce  the  number  of  cancer  negative  biop¬ 
sies.  The  need  for  a  test  with  greater  specificity  than  mammography  also  arises  in  patients  with  dense 
breast  tissue,  in  patients  with  prior  breast  surgery,  and  in  those  who  are  at  higher  risk  for  breast  cancer 
for  whom  the  mammogram  is  equivocal.  Recent  studies  using  radionuclides  have  suggested  that 
scintimammography  has  high  sensitivity  and  improves  the  specificity  of  conventional  mammography 
for  the  detection  of  carcinoma  of  the  breast  and  thus,  deserves  study  as  a  means  to  reduce  the  number 
of  mammographically  “indicated”  biopsies  of  the  breast  that  yield  negative  results  for  carcinoma.  For 
the  agents  having  the  best  results  to  date  ("mTc  Sestamibi,  201T1,  "mTc  MDP,  and  18F-FDG),  tumor 
uptake  is  related  to  nonspecific  factors  such  as  metabolic  rate,  capillary  permeability,  and  membrane 
ion  transport.  These  small  molecules  also  migrate  into  background  tissues  and  reduce  potential  sen¬ 
sitivity  by  clouding  the  scintigraphic  image.  In  contrast,  "mTc  AFP  most  likely  concentrates  in  breast 
cancer  cells  due  to  a  specific  receptor  not  found  in  normal  adult  breast  tissue.  In  our  models,  "mTc 
AFP  has  greater  specificity  for  imaging  breast  cancer  than  other  agents  currently  in  clinical  trial. 

The  work  we  are  carrying  out  focuses  on  the  development  of  99mTc  alpha-fetoprotein  (AFP)  as 
a  novel  agent  to  detect  and  stage  breast  cancer. 

Purpose  of  Investigation 

Our  hypothesis  is  that  AFP  is  concentrated  in  breast  cancer  cells  by  a  receptor-mediated  process, 
thereby  providing  a  novel  means  for  detecting  breast  cancer  cells  specifically  and  with  high  sensitiv¬ 
ity.  The  current  studies  will  evaluate  the  potential  for  the  clinical  application  of  99mTc  AFP  in  patients 
with  breast  cancer.  To  test  our  hypothesis  we  are  completing  the  following  Specific  Aims. 

Aim  1 .  Among  the  three  preparations  of  human  AFP  available  to  us  (natural  full-length,  recom¬ 
binant  full-length,  recombinant  domain  III),  establish  which  one  of  these  consistently  yields  the  high¬ 
est  tumor-to-background  ratios  in  immune-deficient  (SCID)  mice  bearing  either  ER+  MCF-7  or  ER- 
MDA  MB  23 1  human  breast  cancer  xenografts. 

Aim  2.  Using  the  preparation  of  choice  established  in  Aim  1,  determine  the  breadth  of  applica¬ 
bility  of  99mTc  AFP  as  an  imaging  agent  for  human  breast  cancers.  This  is  accomplished  by  compar- 
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ing  the  imaging  capability  of  99mTc  AFP  to  that  of  201T1  and  99mTc  sestamibi  in  12  different  human  tu¬ 
mor  xenografts.  Tumors  consist  of  benign  and  malignant  human  breast  tumor  lines,  non-breast  tumor 
lines  and  freshly  resected  patient  breast  cancers. 

Aim  3.  Measure  the  level  of  AFP  receptors  in  the  imaged  tumors  as  a  potential  explanation  for 
the  imaging  capability  of  this  protein. 

Aim  4.  Determine  whether  "mTc  AFP  can  image  positive  lymph  nodes  draining  a  transplantable 
rat  mammary  cancer. 

Scope  of  Work 

(abstracted  from  full  work  scope  statement  in  original  proposal) 

Task  1:  Months  1-4:  AFP  production. 

Recombinant  Domain  III  AFP:  We  produce  Domain  III  of  human  AFP  using  a  baculovirus 
vector  which  incorporates  an  N-terminal  leader  sequence  from  the  baculoviral  protein  gp67,  the  Glu- 
tathione-S-Transferase  protein  from  Schistosoma  japonicium  and  Domain  III  of  human  AFP. 

Natural  human  full  length  AFP:  We  purify  human  AFP  secreted  by  HepG-2  cells  using  immu- 
noaffmity  chromatography,  with  purity  and  identity  established  by  SDS-PAGE  gels  and  Western 
Blots.  We  planned  to  purchase  recombinant  full  length  human  AFP  from  Atlantic  Biopharmaceuti¬ 
cals. 

Task  2:  Months  1-4:  Grow  human  breast  cancer  cell  lines  as  xenografts. 

MCF-7  and  MDA-MB-231  cell  lines  are  expanded  into  multiple  flasks,  grown  to  confluence, 
harvested  and  centrifuged  into  cell  pellets.  Pellets  are  then  solidified  into  fibrin  clots,  cut  into  pieces, 
and  implanted  into  SCID  mice. 

Task  3:  Months  3  &  4:  Image  MCF-7  and  MDA-MB-231  breast  cancer  xenografts 

Each  of  the  AFP  preparations  is  labeled  with  Tc-99m  and  injected  i.v.  into  tumor  xenograft- 
bearing  mice.  Mice  are  imaged  and  the  "mTc  AFP  preparations  are  assessed  by  their  resultant  tumor 
to  thigh  tissue  ratios  (T/Th)  and  clearance  kinetics  (%  of  injected  dose/gram). 

Task  4:  Months  5-10:  Establish  AFP  receptor  assay  using  MCF-7  and  MDA-MB-231 

breast  cancer  cell  lines 

We  proposed  to  radiolabel  AFP  with  1251  by  the  Chloramin  T  method  and  reproduce  the  studies 
reported  by  UrieK8).  We  then  wished  to  evaluate  the  AFP  receptor  content  of  MCF-7  and  MDA-MB- 
231. 

Task  5:  Months  5-24:  Compare  the  imaging  capability  of  "mTc  AFP  to  that  of  "mTc 

sestamibi  and 201  thallium 

Each  tumor  line  is  expanded  in  culture  and  then  transplanted  into  SCID  mice.  Replicate  tumor¬ 
bearing  mice  are  imaged  in  random  order  with  "mTc  AFP,  99mTc  sestamibi,  and 201  thallium  .  Biodis¬ 
tribution  kinetics  and  tumor  to  thigh  background  ratios  for  each  test  agent  is  assessed.  Studies  are 
repeated  for  a  variety  of  tumors. 
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Task  6:  Months  5-24:  Establish  AFP  receptor  content  in  various  tumors 

Task  7:  Months  12-24:  Lymphoscintigraphy  studies  of  99mTc  AFP  in  rat  homograft 
model  of  mammary  adenocarcinoma  metastasis  to  lymph  nodes. 

Obtain  the  13762  NF  rat  mammary  carcinoma  cell  line  and  transplant  it  into  the  dorsal  region  of 
the  upper  neck  in  female  Fischer  rats.  The  kinetics  of  metastasis  to  draining  brachial  and  axillary 
nodes  by  necropsy  and  histopathology  studies  will  be  established.  "mTc  AFP  will  be  injected  intra¬ 
venously  into  tumor-bearing  rats  to  image  primary  tumor  and  draining  lymph  nodes.  "mTc  AFP  will 
be  injected  s.c.  in  the  region  of  the  lymphatic  drainage  of  the  tumor  to  assess  the  potential  advantage 
of  regional  administration  of  tracer  for  lymphoscintigraphy. 


Background  of  Prior  Work 

Current  methods  of  detecting  breast  cancer  have  low  specificity  and  sensitivity.  Although 
screening  mammography  results  in  early  detection  of  breast  cancer  and  reduces  death  from  this  dis¬ 
ease,  it  has  a  low  positive  predictive  value  and  a  60-90%  false  positive  rate  that  leads  to  the  pain, 
morbidity,  and  potential  disfigurement  associated  with  an  estimated  500,000  unnecessary  breast  biop¬ 
sies.  Furthermore,  true  positive  mammography  is  not  helpful  in  assessing  prognosis  or  predicting 
therapeutic  response.  Scintigraphic  methods  to  detect  breast  cancer  offer  a  means  to  improve  the 
evaluation  of  patients  with  positive  breast  exams  or  positive  mammograms. 

201 T1  and  "mTc  sestamibi  are  currently  in  clinical  trial  as  imaging  agents  for  breast  cancer.  Al¬ 
though  early  results  have  shown  some  promise  (9-11),  improvements  in  both  sensitivity  and  specificity 
are  needed.  For  example,  a  recent  large  multicenter  trial  enrolled  673  patients  included  377  women 
with  non-palpable  mammographically  detected  abnormalities.  The  overall  sensitivity  and  specificity 
for  99mTc  sestamibi  was  85%  and  81%  respectively  with  72%  sensitivity  and  86%  specificity  for  non- 
palpable  tumors(i2).  False  positive  sestamibi  studies  have  been  found  in  cases  of  fibrocystic  disease 
and  in  fibroadenomas.  These  false  positive  results  may  be  due  to  hypercellularity  and  proliferative 
changes!13)  or  to  the  non-specific  “metabolic  activity”  of  these  lesions.(i°)  Furthermore,  99mTc  ses¬ 
tamibi  is  eliminated  from  the  cell  by  the  multidrug  resistance  P-glycoprotein  (gpl70)  which  is  over 
expressed  in  some  breast  cancers.!1*)  Finally,  201T1  and  99mTc  sestamibi  both  produce  images  with 
variable  patterns  of  normal  breast  activity  that  is  in  part  due  to  significant  scatter  from  non-specific 
uptake  in  cardiac  and  abdominal  tissues.!15) 

Alpha-fetoprotein  is  a  serum  protein  produced  by  fetal  liver  and  crosses  into  the  maternal  circu¬ 
lation  during  pregnancy.  Although  developing  tissues  have  the  ability  to  bind  and  endocytose  AFP, 
this  function  is  lost  by  adult  differentiated  cells  (846,17).  The  capability  reappears,  however,  in  neo¬ 
plastic  cells  growing  either  in  vivo  !18)  or  in  vitro  (8,19,20).  Malignant  cells  that  have  been  shown  to 
take  up  AFP  include  human  breast  cancer  cells,  malignant  lymphoblastoid  cells,  neuroblastoma  cells, 
and  rhabdomyosarcoma  cells  (8,21,22).  Our  collaborative  “AFP  group”  has  studied  AFP  and  Domain 
III  of  human  AFP  because  of  their  properties  as  inhibitors  of  breast  cancer  growth. (23-27)  We  have 
found  that  99mTc  radiolabeled  recombinant  human  AFP  ("mTc  AFP)  localizes  rapidly  and  specifically 
in  human  breast  cancer  xenografts,  providing  well-defined  images  of  the  tumor  relative  to  normal  tis- 
sues.!28)  Our  preliminary  studies  indicate  that  99mTc  radiolabeled  human  AFP  and  domain  III  of  hu¬ 
man  AFP  show  substantially  better  localization  in  human  breast  tumor  xenografts  than  either  201T1  or 
99raTc  sestamibi. (28, 29)  Furthermore,  "mTc  AFP  localizes  in  both  estrogen  receptor  positive  (ER+) 
MCF-7  and  ER-  MDA  MB  231  breast  tumors  and  has  blood  clearance  through  the  kidneys.  These 
features  are  critically  important  to  an  agent  that  must  have  high  specificity. 
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Although  scintimammography  using  non-specific  tracers  such  as  99mTc  sestamibi  can  improve  the 
specificity  of  diagnostic  imaging,  it  is  likely  that  further  gains  in  both  specificity  and  sensitivity  can 
be  achieved  with  AFP  because  it  is  selectively  taken  up  by  breast  cancer  and  has  low  non-specific 
uptake  in  normal  tissues.  The  fact  that  our  preliminary  results  indicate  that  "mTc  AFP  demonstrates 
greater  image  specificity  for  breast  cancer  than  either  201T1  or  "mTc  sestamibi  suggests  strongly  that 
"mTc  AFP  should  be  developed  further  for  this  purpose. 

Scintimammography  should  also  be  further  explored  as  a  staging  technique  for  breast  cancer. 
Metastasis  to  the  axillary  lymph  nodes  is  an  important  prognostic  factor.  Patients  with  pathologically 
negative  axillary  lymph  nodes  have  a  recurrence  rate  of  20-40%  over  a  10-year  period  (30>31),  while 
those  with  one  to  three  positive  nodes  have  a  recurrence  rate  of  almost  twice  that  (32).  Axillary  lymph 
node  sampling  requires  an  incision  separate  from  the  primary  surgical  procedure,  adding  to  the  mor¬ 
bidity  and  cost  of  treatment  of  primary  breast  cancer.  Therefore,  a  noninvasive  technique  to  evaluate 
axillary  lymph  nodes  should  be  safer  and  more  economical.  Unfortunately,  although  quite  safe,  the 
low  relative  sensitivity  of  radiocolloid  axillary  lymphoscintigraphy  (60-70%),  99mTc  sestamibi  (47- 
79%),  and  201T1  imaging  (57%)  compared  to  surgical  axillary  evaluation,  have  not  led  to  their  wide 
use  in  clinical  practice  (9,33-36).  To  achieve  higher  accuracy,  it  is  likely  that  a  tracer  that  specifically 
concentrates  in  tumor  cells  will  be  required  (37).  We  plan  to  assess  the  ability  of  "mTc  AFP  to  detect 
spontaneous  metastases  in  lymph  nodes  draining  the  site  of  a  primary  breast  cancer.  This  will  be 
evaluated  in  the  transplantable  13762  NF  rat  mammary  adenocarcinoma  model,  which  reliably  me¬ 
tastasizes  to  draining  lymph  nodes  within  two  weeks  after  transplantation  into  syngeneic  rats  (38). 


Page  9 


USAMRMC  BCRP  Annual  Report 


PI:  Bruce  R.  Line 


Body  of  Annual  Report 

Experimental  Methods,  Assumptions  and  Procedures 

Preparation  of  Recombinant  Domain  III  AFP 

This  was  produced  using  a  baculovirus  vector  (pACSecG2T,  Pharmingen)  which  incorporated  an 
N-terminal  leader  sequence  from  the  baculoviral  protein  gp67  (to  facilitate  secretion  from  insect 
cells),  the  Glutathione-S-Transferase  (GST)  protein  from  Schistosoma  japonicium  (to  facilitate  puri¬ 
fication  and  solubilization  of  fusion  protein)  and  Domain  III  of  human  AFP.  The  transfer  vector 
containing  the  coding  sequence  for  Domain  III  of  hAFP  was  cotransfected  into  SF9  insect  cells  to 
produce  recombinant  virus.  Virus  was  plaque-purified,  then  screened  for  the  incorporation  of  the 
Domain  III  coding  sequence  into  the  viral  genome  (by  PCR;  Polymerase  Chain  Reaction)  and  for  the 
ability  of  recombinant  virus  to  produce  secreted  protein  (Western  Blot). 

Recombinant  baculovirus  containing  the  cDNA  for  Domain  III  (previously  described)  was  am¬ 
plified  by  three  serial  passages  and  titered  by  plaque  assay  in  order  to  produce  a  large  quantity  of  vi¬ 
rus.  Protein  was  then  produced  in  large  batches  by  infection  of  SF9  cells  with  recombinant  virus. 

The  medium  containing  the  secreted  Domain  III  protein  is  harvested  and  clarified  by  centrifugation  to 
remove  cell  debris  which  results  from  cell  lysis.  The  protein  is  purified  by  loading  the  clarified  cell 
culture  medium  onto  a  Glutathione-Agrose  (Sigma)  column.  The  column  was  washed  with  PBS  and 
then  treated  with  Thrombin  (Sigma)  to  release  the  Domain  III  fragment.  The  thrombin  released 
fragment  will  was  identified  by  Western  Blot  analysis  using  polyclonal  antibody  to  human  AFP  and 
silver-stained  SDS-PAGE.  Protein  was  then  aliquoted  (50pg/each)  and  stored  lyophilized  at  -80°C. 

Preparation  of  Natural  human  full  length  AFP  from  HepG2  cells 

Culture  conditions  for  HepG2  cells.  HepG2  cells  were  maintained  and  grown  as  a  monolayer 
in  aMEM  (GIBCO,  Grand  Island,  NY)  supplemented  with  5%  serum  (2/5  calf  serum,  3/5  fetal  calf 
serum),  penicillin  G  (100  units/ml),  and  streptomycin  (100  pg/ml).  Cells  were  released  from  mono- 
layer  using  0.25%  trypsin/0.25%  EDTA.  Subculturing  into  additional  flasks  was  carried  out  by  five¬ 
fold  dilution  of  cells  in  the  above  maintenance  medium.  Confluent  flasks  were  switched  to  serum-free 
medium  to  up-regulate  production  of  AFP  as  described  by  Tecce  et  al.  (17).  Serum-free  medium  is 
comprised  of  3  parts  aMEM:  1  part  Waymouth’s  MB  752/1  plus  3  x  10'8  M  sodium  selenite,  2  mM 
L-glutamine  and  1.5%  antibiotic/antimycotic  mixture  from  GIBCO.  Cells  were  refed  with  serum-free 
medium  every  three  days. 

Purification  of  AFP  from  Culture  Supernatants  of  HepG2  Cells.  HepG2  culture  supernatants 
were  pooled  and  concentrated  using  P-10  Centriprep  concentrators  (Amicon,  Beverly,  MA).  Ten  ml 
of  concentrate  containing  approximately  3  mg  of  AFP  were  loaded  onto  an  18  cm  x  2.5  cm  immu- 
noaffinity  column  (rabbit  anti-human  AFP  (DAKO)  conjugated  to  cyanogen  bromide-activated 
Sepharose  4B)  in  a  loading  buffer  of  100  mM  NaCl/10  mM  sodium  phosphate  pH  7.4.  Concentrate 
was  incubated  on  the  column  at  room  temperature  for  30  minutes.  Non- AFP  proteins  were  eluted 
with  approximately  200  ml  loading  buffer  until  no  protein  was  detectable  in  the  eluate  by  UV  absorb¬ 
ance  (280  nm).  AFP  is  eluted  with  approximately  200  ml  of  1.8  M  MgCl2  and  dialyzed  immediately 
against  excess  lOmM  sodium  phosphate  buffer,  pH  7.2.  This  material  was  washed  and  concentrated 
in  a  buffer  comprised  of  100  mM  sodium  chloride-10  mM  sodium  phosphate,  pH  7.2. 

Xenograft  Implantation  Procedure 

For  xenograft  implantation,  human  tumor  cell  lines  were  grown  to  confluence  and  harvested  by 
trypsinization.  Cells  were  converted  to  solid  tumor  form  by  centrifugation  into  a  pellet  and  exposure 
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of  the  cell  pellet  to  15  pi  of  fibrinogen  (50  mg/ml)  and  10  pi  of  thrombin  (50  units/ml)  for  30  minutes 
at  37°C.  Fibrin  clots  were  cut  into  pieces  approximately  1.5  mm  in  diameter.  Six  to  eight  pieces 
were  loaded  into  a  16  gauge  trocar  and  were  implanted  subcutaneously  in  the  region  of  the  brachial 
lymph  node  near  the  front  limb  of  female  CB17  SCID  mice.  Tumors  were  usually  palpable  3  to  4 
weeks  after  implantation  and  reached  a  diameter  of  1  cm  approximately  6  weeks  after  implantation. 

To  assess  tracer  sensitivity,  imaging  studies  were  performed  when  tumors  were  first  palpable,  ap¬ 
proximately  0.2  cm  in  diameter,  and  as  they  enlarge  to  1  cm  in  size.(25>39>4°) 

99mjc  AFP  Radiolabeling  Procedure 

99mTc  labeling  of  AFP  was  carried  out  via  stannous  ion  reduction  as  previously  described  (41). 
Briefly,  Tc99m  AFP  was  prepared  from  a  50pg  AFP  aliquot  mixed  with  .5ml  0.9%  Sodium  Chloride 
Injection  (Baxter  Healthcare).  The  solution  was  added  to  an  Ultra  Tag  RBC™  Reaction  Vial  (Mal- 
linckrodt  Medical  Inc.,  St.  Louis,  MO),  and  the  contents  of  the  vial  were  mixed  by  gentle  swirling, 
and  incubated  at  room  temperature  for  5  minutes.  At  the  completion  of  the  incubation  time,  20-1000 
MBq  99mTc  Sodium  Pertechnetate  Injection  (Mallinckrodt  Medical,  Inc.,  St.  Louis,  MO)  was  added  in 
a  volume  of  1-2  ml.  The  contents  of  the  vial  were  mixed  by  gentle  swirling  and  were  incubated  for 
15  minutes.  Dose  aliquots  were  assayed  using  thin-layer  chromatography  performed  on  preparation 
using  ITLC-SG  (Gelman  Instrument  Co.,  Ann  Arbor,  MI)  with  acetone.  Typically,  92  -  100%  of  the 
"mTc  was  bound  to  AFP.  The  preparation  was  not  used  in  studies  if  the  percent  bound  was  less  than 
90%. 

Tracer  Biodistribution  and  Imaging  Studies 

In  vivo  biodistribution  data  was  collected  in  up  to  6  mice  imaged  simultaneously  on  a  Siemens 
gamma  camera.  The  data  was  collected  by  a  dedicated  computer  and  transferred  to  a  Pentium  PC  MS 
Windows-based  image  processing  system  for  analysis.!42-43)  After  sedation  with  intraperitoneal  ad¬ 
ministration  of  50  mg/kg  pentobarbital,  the  mice  were  injected  intravenously  with  20-40  MBq  of  the 
tracer  compound  ("mTc  AFP  (3pg),  "mTc  Sestamibi,  or  201T1)  and  then  were  placed  in  the  prone  posi¬ 
tion  on  a  thin  polyethylene  panel.  To  eliminate  motion  during  imaging,  the  mice  were  restrained  on 
panels  by  strips  of  tape  over  their  extremities  so  as  not  to  restrict  respiration.  Dynamic  images  ob¬ 
tained  over  60  minutes  were  used  to  determine  the  biodistribution  of  the  labeled  agent.  Typically, 
twelve  sequential,  five  minute  images  were  obtained  with  low  energy  general  purpose  collimation, 
and  1.5  hardware  zoom  into  computer  matrices  having  128  by  128  picture  elements.!42)  Images  were 
analyzed  by  positioning  “regions  of  interest”  (ROI)  over  the  tumor,  thigh,  contralateral  chest  wall  and 
total  body.  The  counts  were  corrected  for  radioisotope  decay  to  facilitate  activity  comparisons. 

The  image  data  were  evaluated  to  determine  the  activity  in  the  tumor  tissue  by  drawing  a  region 
of  interest  that  included  all  margins  of  the  tumor.  Where  the  tumors  were  not  visibly  apparent,  re¬ 
gions  were  placed  over  the  area  where  the  tumor  was  palpated  at  the  time  of  imaging.  A  second  re¬ 
gion  was  placed  over  the  contralateral  chest  wall  by  reflecting  the  tumor  region  of  interest  through  the 
midline  axis.  The  second  region  was  used  to  define  a  background  activity  that  was  subtracted  from 
the  tumor  region  to  yield  counts  in  the  tumor  tissue.  The  gram  weight  of  the  tumor  was  determined 
from  a  volume  calculation  based  on  measured  tumor  diameter.  A  third  region  of  interest  was  defined 
over  the  thigh  and  the  counts  per  gram  of  thigh  tissue  was  obtained  by  using  a  thigh  mass  of  6%  of 
body  weight.  A  fourth  region  of  interest  was  defined  over  the  entire  animal  to  determine  the  total  in¬ 
jected  activity.  Regions  were  produced  for  each  animal  study  at  both  1  and  24  hour  image  collection 
points.  Tracer  localization  parameters  were  determined  by  1)  the  tumor  uptake  as  the  percent  of  in¬ 
jected  activity  per  gram  of  tissue  (%ID/gram);  and  2)  the  tumor  to  thigh  tissue  background  (T/Th) 
ratio  determined  from  the  ratio  of  tumor  activity  per  gram  to  the  thigh  activity  per  gram. 
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A.  99mTc  rhAFP  MCF-7 


B.  99mTc  sestamibi  MCF- 
7  both  mice 


C.99mTc  rhAFP  Dill 
MCF-7  top,  MDA  bottom 


D.201ti 

MCF-7  top,  MDA  bottom 


Figure  1:  Sequential  studies  in  mice  bearing  human  tumor  xenografts. 

Panels  A,  B:  2  mice  bearing  MCF-7  ER+  human  breast  cancer  xenografts  24  hours  after 
doses  of  37mbq  of  99mTc  AFP  (A)  and  99mTc  sestamibi  (B).  Studies  in  panel  A  were  performed 
7  days  after  those  in  panel  B  in  the  same  animals.  Over  this  interval,  tumors  in  right  infra- 
axillary  region  were  1.2  cm  in  diameter,  (about  900  mg) 

Panels  C,  D:  2  mice  bearing  xenografts  (top:  MCF-7,  bottom  MDA  MB-231  ER-  tumor)  24 
hours  after  doses  of  37mbq  of  99raTc  AFP  Domain  III  (C)  and  201T1  (D)  Tumors  in  right  inffa- 
axillary  region  were  0.6cm  in  diameter  (about  120  mg).  Studies  were  7  days  apart  (D  after  C) 
in  the  same  animals. 


Assay  for  binding  of  "mTc  AFP  to  Tumor  Cell  AFP  Receptors 

An  assay  for  AFP  receptor  was  developed  by  our  group.  The  published  procedure  using  ra- 
dioiodinated  AFP  utilizes  prohibitively  large  amounts  of  cold  AFP  in  incubations  to  block  receptors 
so  that  non-specific  binding  of  the  radio-iodinated  material  can  be  evaluated^).  Therefore,  a  tech¬ 
nique  that  did  not  require  such  a  step  was  needed.  We  took  advantage  of  the  exquisite  sensitivity  of 
the  Abbott  IM%  immuno-quantitation  of  AFP  (0.2  ng/ml)  and  the  published  report  that  AFP  is  disso¬ 
ciated  from  its  receptor  in  0.4  M  KC1  (44).  Replicate  tubes  containing  2.5  x  106  cells  in  0.2  ml  serum- 
free  medium  were  incubated  with  varying  concentrations  of  AFP  for  3  hours  at  4°C.  Cells  were 
washed  four  times  by  centrifugation  and  resuspension  in  serum-free  medium.  After  the  final  washing 
there  was  no  detectable  AFP  in  the  supernatant  (i.e.,  less  than  0.2  ng/ml,  indicating  virtually  complete 
removal  of  AFP  from  lower  affinity  non-specific  sites).  Sodium  azide  (20  mM,  5  min,  4°C)  was  then 
added  to  prevent  receptor-ligand  complexes  on  the  cell  membranes  from  internalizing  when  cells 
were  subsequently  warmed.  KC1  (0.4  M  final  concentration)  was  then  added  and  incubated  for  one 
hour  at  37°C  to  dissociate  AFP-AFP  receptor  complexes.  Cells  were  then  centrifuged  at  2,000  rpm 
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for  10  minutes,  supernatant  was  removed  and  the  KCL  liberated  AFP  content  of  the  supernatant  was 
determined.  By  Scatchard  plot  analysis  of  AFP  bound  at  different  incubation  concentrations,  the 
number  of  specific  binding  sites  per  cell  and  their  binding  affinity  were  determined.  Binding  of  AFP 
increased  with  increasing  concentration  and  plateaued  at  30  ng/ml.  Bound  AFP  was  approximately 
0.1%  of  total  AFP  added  to  the  cells.  Therefore,  concentration  of  free  AFP  was  assumed  to  be  equal 
to  that  of  total  AFP. 

Results  and  Discussion 

Aim  1:  Evaluate  in  vivo  localization  and  biodistribution  of  99mTc  AFP  candidates. 

The  information  from  the  preliminary  studies  we  have  carried  out  suggests  that  Tc-99m  AFP  will 
be  an  excellent  imaging  agent  for  human  breast  cancer.  The  studies  of  aim  1  were  designed  to  allow 
us  to  compare  the  candidate  Tc-99m  AFP  molecules  in  two  human  breast  cancer  xenografts  (MCF7 
an  estrogen  receptor  positive  (ER+)  tumor  and  MDA  MB  231,  an  ER-  tumor  cell  line).  The  purpose 
of  this  aim  was  to  identify  which  of  the  available  99mTc  AFP  molecules  had  the  best  tumor  localiza¬ 
tion  and  imaging  performance.  This  compound  was  to  then  be  further  tested  in  comparison  with  99mTc 
Sestamibi  and  201T1  in  a  broad  range  of  tumors  (table  1).  Image  examples  of  the  localization  of  the 
radiopharmaceuticals  are  shown  in  figure  1  panels  A  and  B.  The  quantitative  comparisons  of  tumor 
percent  injected  dose/gram  (%ID/gram)  and  tumor  to  thigh  ratio  (T/Th)  are  shown  in  the  appendix  in 
table  3.  The  results  of  the  studies  have  been  summarized  using  standard  descriptive  statistics.  Com¬ 
parison  of  differences  between  the  different  preparations  have  also  been  analyzed  using  analysis  of 
variance  with  pair-wise  comparisons  done  by  Student-Newman-Keuls  method. 

We  initially  planned  to  compare  "mTc  radiolabeled  natural  full  length  AFP,  recombinant  full 
length  AFP  and  recombinant  domain  III  of  AFP  (Dill).  Unfortunately,  the  supply  of  recombinant  full 
length  AFP  from  Atlantic  Biopharmaceuticals  was  interrupted  by  financial  instability  and  subsequent 
failure  of  that  corporation.  Our  studies  with  the  two  remaining  forms  of  AFP  showed  better  perform¬ 
ance  of  full  length  natural  AFP  in  the  MCF7  xenografts  whereas  the  Dill  radiopharmaceutical  ap¬ 
peared  superior  in  the  MDA  MB  231  xenografts  (see  table  3).  Given  the  reduced  number  of  candi¬ 
date  AFP  compounds  and  the  uncertainty  as  to  which  of  the  remaining  would  prove  to  be  superior, 
we  decided  to  test  both  the  full  length  AFP  and  Dill  in  the  tumors  (see  table  1)  studied  in  Aim  2. 

Aim  2:  Evaluation  of  99mTc  AFP  in  a  broad  spectrum  of  tumors 

We  evaluated  the  99mTc  AFP  preparations  by  comparison  to  two  other  clinically  available  tracers 
that  are  being  evaluated  in  patients  with  breast  cancer:  99mTc  sestamibi  and  201T1.  The  tumor  tissues 
represent  breast  and  non-breast  cancers  that  were  steroid  receptor  positive  or  steroid  receptor  nega¬ 
tive.  Replicate  tumor  xenograft-bearing  mice  were  used  to  assess  the  imaging  capability  of  99mTc  full 
length  AFP,  99mTc  Dill,  99mTc  sestamibi,  and  20IT1  for  each  tumor.  Four  imaging  studies  were  per¬ 
formed  in  a  set  of  six  replicate  tumor  xenograft-bearing  mice,  one  for  each  tracer.  The  studies  were 
spaced  by  3-5  days  to  allow  the  previous  tracer  to  decay  and  to  allow  the  animals  to  fully  re¬ 
equilibrate.  The  sequence  of  tracer  administration  was  random.  The  tumor  size  and  appearance  was 
recorded  over  the  interval  to  correlate  size  with  detectability  and  tumor  to  thigh  tissue  ratio.  The 
completion  status  of  the  tumor  studies  is  shown  in  the  second  column  of  table  1. 

The  data  were  analyzed  to  address  three  specific  questions.  1]  Is  radioactivity  in  tumor  signifi¬ 
cantly  above  that  in  background  tissue?  2]  Is  radioactivity  in  tumor  from  99mTc  AFP  significantly 
above  that  from  99mTc  sestamibi  or  201T1?  3]  Are  there  differences  among  tumors  in  radioactivity 
from  99mTc  AFP? 
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Breast  Tumor  Designation 

Status 

Histological  and  Biological  Description 

MCF-7 

Tested 

ER+  breast  cancers  inhibited  by  Tamoxifen 

T-47D 

Tested 

ER+  breast  cancers  inhibited  by  Tamoxifen 

MCF-7/TAM 

Planned 

ER+  clone  of  MCF-7  resistant  to  Tamoxifen 

MDAMB231 

Tested 

ER-  breast  cancers  not  inhibited  by  Tamoxifen 

BT-20 

Tested 

ER-  breast  cancers  not  inhibited  by  Tamoxifen 

Freshly  Resected  Patient  Breast 
Cancer 

Growing 

ER+  primary  carcinoma  of  the  breast 

Non-Breast  Tumors 

EnCa  101 

Planned 

ER+  endometrial  cancer 

NIH:  OV-CAR-3 

Planned 

ER+  ovarian  cancer 

MFE 

Tested 

Endometrial 

MTW9A 

Tested 

Rat  mammary  tumor 

LnCaP 

Tested 

AR+  prostate  cancer 

DU-145 

Tested 

AR-  prostate  cancer 

NCI-H520 

Planned 

Squamous  cell  carcinoma  of  the  lung 

Other  Breast  Tissues 

MCF-10A 

Planned 

Non-cancerous  cell  line  established  from  a  patient  with 
fibrocystic  breast  disease. 

Hs-578Bst 

Planned 

Normal  breast  myoepithelial  cell  line.  The  tissue  from 
which  this  line  was  isolated  was  adjacent  to  an  infiltrating 
ductal  carcinoma  which  was  the  source  of  the  Hs-578T 
cell  line 

Table  1:  Cell  lines  considered  for  testing  in  aim  2.  Cell  lines  include  breast  cancer,  non-breast  tumor,  and  non-tumor  tissues.  Each  line  is  to 
be  grown  as  a  xenograft  in  SCID  mice.  Where  successful  the  xenografts  will  be  used  in  studies  which  compare  the  tumor-imaging  capability  of 
99mjc  AFP  to  that  of  99mpc  Sestamibi  and  20 1 T1 .  (*ER  =  estrogen  receptor,  AR  =  androgen  receptor) 


To  evaluate  whether  the  activity  in  tumor  is  significantly  greater  than  thigh  tissue  activity,  we 
compared  the  counts  per  gram  in  tumor  to  the  counts  per  gram  in  thigh  tissue  (T/Th).  This  evaluation 
was  performed  for  all  tumors  greater  than  0.25  grams.  Tumors  smaller  than  this  were  excluded  be¬ 
cause  they  were  difficult  to  locate  in  the  images  reliably.  Figures  2A,  2B  (Table  3  A,  3B)  show  the 
T/Th  results  at  1  and  24  hours  respectively.  Values  greater  than  one  indicate  a  higher  tumor  localiza¬ 
tion  than  thigh  tissue  activity.  (It  should  be  noted  that  a  T/Th  parameter  is  used  to  give  a  more  compa¬ 
rable  measure  than  is  available  from  the  usual  tumor  to  thigh  tissue  background  measures  obtained 
from  imaging  studies.  The  tumor  region  was  not  compared  to  the  contralateral  chest  areas  because  of 
the  high  variability  of  the  ratio  with  small  changes  in  region  placement.) 

For  most  of  the  tumors,  the  T/Th  ratios  are  greater  than  1  for  both  AFP  and  Dill,  where  all  of 
the  ratios  are  less  than  1  for  "mTc  Sestamibi  and  201T1.  Analysis  of  variance  indicates  that  in  most 
comparisons  the  T/Th  measures  are  significantly  greater  for  AFP  and  Dill  relative  to  "mTc  sestamibi 
and  201T1.  It  is  of  interest  that  for  some  tumors  (LNCaP,  MCF7),  AFP  shows  the  best  T/Th  perform- 
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Figure  2  A 


Figure  2B 


BT20  DU  145  LNCaP  MCF7  MDA  MFE  MTW9A  T47 


Figure  2C 


°/JD/gram at  60  Minutes 
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Figure  2:  Mean  and  standard  deviation  of  tumor  localization  measures  at  1  and  24  hours. 


ance  where  as  Dill  is  superior  in  most  of  the  other  tumors  tested  thus  far.  In  all  breast  cancers  (BT20, 
MCF7,  MDA,  MTW9A,  T47),  T/Th  increases  from  1  to  24  hours  with  99niTc  full  length  AFP  sug¬ 
gesting  good  tumor  retention  of  this  radiopharmaceutical.  However,  in  4  of  5  breast  cancers,  the 
T/Th  ratio  was  higher  with  99mTc  Dill  than  with  99mTc  full  length  AFP.  It  would  thus  seem  reasonable 
to  continue  testing  both  of  the  AFP  preparations  in  the  remaining  tumor  cell  lines  to  be  studied  in 
year  2. 

By  analysis  of  variance  of  the  percent  injected  dose/gram  of  tumor  tissue  data,  significant  dif¬ 
ferences  in  tumor  localization  exist  between  the  tested  radiopharmaceuticals.  At  one  hour  for  exam¬ 
ple,  for  BT20,  99mTc  Dill  was  significantly  higher  than  "raTc  AFP,  "mTc  Sestamibi  and  201T1. 

Whereas,  for  MCF7, 99mTc  full  length  AFP  was  significantly  higher  than  all  other  radiopharmaceuti¬ 
cals.  Inspection  of  figures  2C,  2D  (Table  3C,  3D)  indicates  that  for  most  tumors,  the  %ID/gram  up¬ 
take  for  "mTc  AFP  and  99mTc  Dill  is  significantly  higher  than  "mTc  Sestamibi  or  201T1. 

Thus,  in  the  studies  performed  to  date,  "mTc  AFP  and  99mTc  Dill  appear  to  offer  significant 
imaging  advantages  in  a  wide  range  of  tumor  cell  lines  with  regard  to  tumor  uptake  and  relative  con¬ 
trast  to  normal  tissue. 

Aim  3:  Characterization  of  Cancer  Cell  AFP  Receptors  in-vitro 

All  of  the  tumors  studied  thus  far  contain  high  affinity  binding  sites  for  "mTc  AFP.  The  number 
of  binding  sites  per  cell  is  found  to  be  consistent  with  cells  that  have  high  affinity  receptors  for  li¬ 
gand.  Table  2  shows  the  results  of  the  binding  affinity  and  number  of  receptors  per  cell  for  four  tu¬ 
mor  cell  lines  tested  to  date.  The  highest  affinity  was  found  for  the  T47  tumor  and  the  MDA  MB  23 1 
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cell  line  had  the  greatest 
number  of  receptors  per 
cell.  There  appears  to  be  a 
wide  range  of  receptor  af¬ 
finities  for  the  "mTc  AFP 
radiopharmaceutical. 

(nearly  2  orders  of  magni¬ 
tude). 

As  outlined  in  our 
original  proposal,  we  com¬ 
pared  the  in-vitro  receptor  data  to  the  in-vivo  imaging  data.  The  number  of  sites  per  cell  did  not  cor¬ 
relate  with  the  percent  of  injected  dose  per  gram  tumor  either  at  1  hour  or  at  24  hours.  However,  it  is 
of  interest  that  the  T47  cell  line  had  the  highest  binding  affinity  for  "mTc  AFP  and  it  was  also  that 
tumor  which  had  the  highest  increase  in  T/Th  ratio  over  a  24-hour  period.  The  high  binding  affinity 
may  be  an  explanation  for  the  high  in-vivo  retention  and  this  will  be  studied  further  in  the  second  year 
of  the  project. 

Aim  4:  "mTc  AFP  imaging  of  lymph  nodes  draining  a  primary  rat  mammary  cancer. 

The  13762  NF  rat  mammary  adenocarcinoma  is  a  transplantable  tumor  which,  following  im¬ 
plantation  into  either  the  mammary  fat  pads,  or  into  subcutaneous  or  intracutaneous  site,  spontane¬ 
ously  metastasizes  to  the  regional  lymph  nodes  and  then  to  the  lungs. (38)  In  addition  to  assessing  the 
ability  of  99mTc  AFP  to  image  regional  lymph  nodes,  the  rat  model  enables  us  to  address  the  question 
as  to  whether  subcutaneous  administration  near  the  primary  tumor  site  may  be  more  effective  than 
intravenous  administration  for  imaging  tumor  in  regional  lymph  nodes. 

This  portion  of  the  work  scope  is  to  take  place  in  the  next  year  of  the  project,  thus  no  results  have 
been  obtained. 

Recommendations  in  Relation  to  the  Statement  of  Work 

Task  1:  Months  1-4:  AFP  production. 

This  task  has  been  completed  for  both  recombinant  Domain  III  AFP  and  natural  human  full 
length  AFP.  Sufficient  material  is  now  available  for  completion  of  the  studies  proposed.  The  process 
described  for  production  of  natural  human  full  length  AFP  is  ongoing  as  this  material  is  needed  in 
large  quantities  for  other  projects.  The  plans  to  purchase  full  length  recombinant  AFP  from  Atlantic 
Biopharmaceuticals  were  frustrated  by  the  decision  of  the  supplier  to  discontinue  production.  No 
further  work  with  this  currently  unavailable  source  is  planned. 

Task  2:  Months  1-4:  Grow  human  breast  cancer  cell  lines  as  xenografts. 

MCF-7  and  MDA-MB-23 1  cell  lines  have  been  expanded,  grown,  harvested  and  implanted  into 
SCID  mice.  The  task  is  completed  as  proposed.  In  addition  other  cell  lines  have  been  implanted  as 
xenografts  as  described  in  the  results  and  discussion  section. 

Task  3:  Months  3  &  4:  Image  MCF-7  and  MDA-MB-231  breast  cancer  xenografts 

Each  of  the  AFP  preparations  (recombinant  Domain  III  of  human  AFP  and  natural  full  length 
AFP)  was  labeled  with  Tc-99m  and  injected  i.v.  into  tumor  xenograft-bearing  mice,  completing  the 
task  as  planned.  Mice  were  imaged  and  the  "mTc  AFP  preparations  were  assessed  by  their  resultant 
tumor  to  thigh  tissue  background  ratios  and  clearance  kinetics.  Although  we  initially  planned  to  focus 
on  the  best  agent  for  further  study  (task  5),  our  initial  results  showed  that  both  agents  worked  well 


Table  2:  AFP  Receptor  Binding  Study  Results 

TUMOR 

(P:prostate, 

B:  breast) 

MDA 

B/ER- 

MCF  7 
B/ER+ 

T  47 
B/ER+ 

LNCaP 

P/ 

AR+ 

AFP  Binding  Kd 

6x1  O'8 

3.8  xlO'8 

1.8x1  O'10 

3.9x1  O'9 

Receptors  -  #/cell 

140,000 

43,800 

30,200 

31,000 
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and  that  there  was  not  a  clearly  superior  agent.  We  therefore  have  proceeded  to  test  both  agents  in 
xenografts  of  other  tumors  and  will  continue  to  do  so  in  order  to  characterize  the  relative  performance 
of  the  agents.  Eight  different  tumors  were  imaged  during  year  1  and  an  additional  four  tumors,  in¬ 
cluding  freshly  resected  patient  cancers  will  be  imaged  during  year  2. 

Task  4:  Months  5-10:  Establish  AFP  receptor  assay  using  MCF-7  and  MDA-MB-231  breast 
cancer  cell  lines 

We  proposed  to  radiolabel  AFP  with  1251  by  the  Chloramin  T  method  and  reproduce  the  studies 
reported  by  Uriel*8).  We  then  wished  to  evaluate  the  AFP  receptor  content  of  MDA-MB-23 1 .  This 
proved  not  to  be  feasible  for  the  reasons  discussed  in  the  results  and  discussion  section.  We  have  sub¬ 
stituted  a  procedure  that  we  have  characterized  and  propose  to  use  to  complete  the  work.  The  overall 
purpose  of  the  task  has  been  achieved  albeit  by  a  different  route  than  originally  planned.  This  task  is 
therefore  considered  complete. 

Task  5:  Months  5-24:  Compare  the  imaging  capability  of  99mTc  AFP  to  that  of  99mTc  ses- 
tamibi  and  201  thallium 

We  have  studied  8  tumor  lines  to  date  of  the  12  originally  proposed.  We  have  completed  an  ini¬ 
tial  analysis  of  the  data  and  have  found  that  the  results  support  the  hypothesis  that  AFP  is  concen¬ 
trated  in  breast  cancer  cells,  thereby  providing  a  novel  means  for  detecting  breast  cancer  cells  specifi¬ 
cally  and  with  high  sensitivity.  Moreover,  the  results  indicate  that  "mTc  AFP  was  a  better  imaging 
agent  than  "mTc  sestamibi  and  201thalium  in  all  of  the  tumors  studied  during  the  first  year  of  the  proj¬ 
ect.  The  results  to  date  suggest  that  the  methodology  is  satisfactory  and  that  the  data  collection  should 
be  completed  as  planned  over  the  next  12  months  of  the  project. 

Task  6:  Months  5-24:  Establish  AFP  receptor  content  in  various  tumors 

The  progress  to  date  in  this  task  has  been  slowed  by  methodological  detours  and  revisions.  We 
have  now  developed  satisfactory  procedures  that  should  allow  the  remainder  of  the  data  to  be  col¬ 
lected  within  the  planned  time  frame  for  this  task.  Four  tumor  cell  lines  have  been  analyzed  and  the 
remaining  tumors  will  be  evaluated  in  the  second  year  of  the  project. 

Task  7:  Months  12-24:  Lymphoscintigraphy  studies  of  99mTc  AFP  in  rat  homograft  model 
of  mammary  adenocarcinoma  metastasis  to  lymph  nodes. 

We  have  yet  to  begin  this  task  except  for  planning.  We  will  obtain  the  13762  NF  rat  mammary 
carcinoma  cell  line  and  transplant  it  into  the  dorsal  region  of  the  upper  neck  in  female  Fischer  rats. 
The  kinetics  of  metastasis  to  draining  brachial  and  axillary  nodes  by  necropsy  and  histopathology 
studies  will  be  established.  "mTc  AFP  will  be  injected  intravenously  into  tumor-bearing  rats  to  image 
primary  tumor  and  draining  lymph  nodes.  99mTc  AFP  will  be  injected  s.c.  in  the  region  of  the  lym¬ 
phatic  drainage  of  the  tumor  to  assess  the  potential  advantage  of  regional  administration  of  tracer  for 
lymphoscintigraphy.  We  expect  that  the  task  will  be  completed  as  planned  over  the  next  6-9  months. 
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Summary  &  Conclusions 

Current  methods  of  detecting  breast  and  prostate  cancer  have  low  specificity  and  sensitivity.  Re¬ 
ceptors  for  AFP  have  been  detected  on  many  malignant  cells  but  are  not  expressed  by  normal  tissue 
cells.  We  studied  the  binding  affinity  of  AFP  for  human  breast  and  prostate  cancer  cell  lines 
(Scatchard  Analysis)  and  evaluated  the  imaging  characteristics  of  99mTc  full  length  AFP  (AFP)  and 
"mTc  recombinant  human  AFP  Domain  III  (Dill)  relative  to  "mTc  sestamibi  and  201T1.  Studies  were 
carried  out  using  human  tumor  cell  lines  from  estrogen  receptor  (ER)  positive  (MCF7,  T47)  and  ER 
negative  (MDA-MB  231)  human  breast  cancers  as  well  as  androgen  receptor  (AR)  positive  (LNCaP) 
and  AR  negative  (DU  145)  prostate  cancers.  Tumor  xenografts  were  placed  in  the  lateral  thorax  re¬ 
gion  of  CB-17  SCID  mice  and  grown  to  a  size  of  approximately  0.8-2. 0  cm  diameter  (0.27-4  gm). 
Tracer  kinetics  were  measured  at  0-60  minutes  and  at  24  hours  following  injection  of  37MBq  of  ei¬ 
ther  99mTc  AFP  (4-6  pg),  99mTc  Dill  (4-6  pg),  99mTc  sestamibi  or  201T1. 

Our  results  suggest  that  breast  and  prostate  tumors  demonstrate  high  affinity  receptors  for  AFP. 
99mTc  AFP  and  "mTc  Dill  specifically  localize  in  human  breast  and  prostate  cancers  in  vivo  with 
higher  target  to  background  localization  than  either  "raTc  sestamibi  or  201T1.  "mTc  AFP  and  99mTc  Dill 
show  promise  as  imaging  agents  for  the  detection  and  staging  of  breast  and  prostate  cancer. 
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Appendices 


Table  3A:  Tumor  to  Thigh  Tissue  Background  Ratio  1  hour 


Tumor 

AFP 

Domain  III 

Sestamibi 

Thallium 

BT20 

[8]  1.30(1.28) 

[4]  3.59  (2.54) 

[7]  0.28  (0.26) 

[7]  0.46  (0.53) 

DU145 

[8]  1.33  (0.58) 

[3]  3.00  (1.60) 

[5]  0.13  (0.12) 

[4]  0.22  (0.13) 

LNCaP 

[10]  4.32(1.77) 

[5]  2.73  (0.28) 

[5]  0.99  (0.61) 

[4]  0.38  (0.05) 

MCF7 

[2]  4.10(0.01) 

[2]  0.55  (0.01) 

[5]  0.29  (0.23) 

[6]  0.28  (0.22) 

MDA 

[6]  0.56  (0.20) 

[10]  1.57(1.31) 

[6]  0.41  (0.20) 

[6]  0.15(0.11) 

MFE 

[5]  2.60(1.09) 

[5]  8.50  (6.02) 

[4]  0.65  (0.30) 

[6]  0.49  (0.22) 

MTW9A 

[5]  2.95  (0.94) 

[4]  4.62  (0.60) 

[3]  0.81  (0.22) 

[5]  0.65  (0.33) 

T47 

[2]  0.30  (0.78) 

[8]  0.78  (0.47) 

[2]  0.11  (0.09) 

[3]  0.34  (0.21) 

Table  3B:  Tumor  to  Thigh  Tissue  Background  Ratio  24  hrs 


Tumor 

AFP 

Domain  III 

Sestamibi 

Thallium 

BT20 

[8]  2.26  (2.18) 

[4]  4.13  (3.85) 

[7]  0.05  (0.07) 

[7]  0.09  (0.06) 

DU145 

[8]  1.65  (1.43) 

[3]  1.65(1.22) 

[5]  0.10(0.06) 

[4]  0.26  (0.24) 

LNCaP 

[7]  3.79  (2.70) 

[5]  4.44  (0.82) 

[5]  0.97  (0.95) 

[4]  0.19(0.13) 

MCF7 

[2]  4.56(2.71) 

[2]  1.28(0.68) 

[2]  0.09  (0.04) 

[5]  0.20  (0.20) 

MDA 

[6]  0.93  (0.61) 

[12]  1.17(1.00) 

[6]  0.10(0.08) 

[6]  0.23  (0.08) 

MFE 

[5]  6.04(1.66) 

[5]  10.93  (5.58) 

[4]  0.65  (0.39) 

[6]  0.61  (0.11) 

MTW9A 

[5]  3.21  (1.45) 

[4]  3.87  (0.75) 

[3]  0.63  (0.26) 

[4]  0.87  (0.17) 

T47 

[2]  0.86  (0.49) 

[8]  4.62  (2.54) 

[2]  0.15  (0.01) 

[3]  0.03  (0.02) 

Table  3C:  Percent  Injected  Dose  per  Gram  Tumor  at  1  hour 


Tumor 

AFP 

Domain  III 

Sestamibi 

Thallium 

BT20 

[8]  0.98  (0.80) 

[4]  2.30(1.62) 

[7]  0.12(0.08) 

[7]  0.33  (0.40) 

DU145 

[8]  1.16(0.64) 

[3]  1.08(0.15) 

[5]  0.18(0.16) 

[4]  0.48  (0.29) 

LNCaP 

[10]  3. 60  (2.48) 

[5]  1.46  (0.09) 

[5]  0.49  (0.29) 

[4]  0.45  (0.08) 

MCF7 

[2]  2.25  (0.22) 

[2]  0.38  (0.06) 

[5]  0.22  (0.14) 

[6]  0.36  (0.27) 

MDA 

[6]  0.27  (0.09) 

[10]  0.62(0.31) 

[6]  0.17(0.09) 

[6]  0.21  (0.15) 

MFE 

[5]  1.11  (0.54) 

[5]  2.96  (2.28) 

[4]  0.39  (0.19) 

[6]  0.34  (0.16) 

MTW9A 

[5]  2.64(1.16) 

[4]  2.79  (0.30) 

[3]  1.31  (0.37) 

[5]  1.63  (0.82) 

T47 

[2]  0.39  (0.85) 

[8]  0.39  (0.25) 

[2]  0.14(0.13) 

[3]  0.34  (0.18) 

Table  3D:  Percent  Injected  Dose  per  Gram  Tumor  24  hours 


Tumor 

AFP 

Domain  III 

Sestamibi 

Thallium 

BT20 

[8]  0.44  (0.43) 

[4]  1.23(1.11) 

[7]  0.01  (0.01) 

[7]  0.06  (0.04) 

DU145 

[8]  2.25  (2.80) 

[3]  0.77  (0.67) 

[5]  0.06  (0.04) 

[4]  0.32  (0.29) 

LNCaP 

[7]  0.80  (0.48) 

[5]  0.93  (0.30) 

[5]  0.20  (0.19) 

[4]  0.17(0.13) 

MCF7 

[2]  2.00(1.89) 

[2]  0.29  (0.16) 

[2]  0.03  (0.01) 

[5]  0.18(0.18) 

MDA 

[6]  0.19(0.10) 

[12]  0.28  (0.16) 

[6]  0.01  (0.01) 

[6]  0.21  (0.06) 

MFE 

[5]  1.42  (0.64) 

[5]  1.86(1.52) 

[4]  0.12  (0.08) 

[6]  0.51  (0.11) 

MTW9A 

[5]  0.81  (0.58) 

[4]  1.75  (0.38) 

[3]  0.24  (0.08) 

[4]  1.49  (0.19) 

T47 

[2]  0.29  (0.06) 

[8]  3.07  (2.35) 

[2]  0.07  (0.00) 

[3]  0.04  (0.03) 

Data  shown  as  number  of  animals  in  brackets,  mean  and  standard  deviation  in  parentheses  (see  de¬ 
scription  in  body  of  report). 
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